Objectives-Labor epidural analgesia failure may relate to nonmidline placement of epidural catheters. We hypothesized that greater deviations of the epidural catheter insertion point from the ultrasound (US)-determined midline would be associated with less effective labor analgesia.
and may necessitate general anesthesia for unplanned cesarean delivery. 5 Bromage 6 and Adriani 7 recommended that labor epidural analgesia be placed in the midline to maximize the likelihood of an equal spread of the local anesthetic bilaterally. Narang and Linter 8 investigated the relationship between the depth to the epidural space and occurrence of a unilateral block and postulated that the depth to the epidural space correlates with analgesic efficacy as a result of greater catheter deviations from the midline. Imaging techniques such as radiography and fluoroscopy may be the most reliable ways to determine the midline and vertebral level but are not desirable for use in pregnant women. Ultrasound (US) imaging is an alternative technique for identifying lumbar anatomy; however, it is not routinely used in clinical practice to perform labor epidurals. Previously, US has proven effective in measuring what has been coined the "the true midline." 9 However, the relationship between analgesic efficacy and labor epidural analgesia placement as it relates to the US-determined midline has not been assessed.
We hypothesized that the US midline would differ from the epidural catheter insertion point, and that greater deviations would be associated with less effective labor analgesia. The primary aim of the study was to examine the relationship between the US midline to epidural catheter insertion point and labor analgesic efficacy as reflected by additional epidural local anesthetic requirements (primary outcome), labor pain scores (after epidural insertion, at complete cervical dilatation, and while pushing), and maternal satisfaction with labor analgesia.
Materials and Methods

Design and Setting
This prospective cohort study was performed in a tertiary care medical center at Lucile Packard Children's Hospital (Stanford, CA). The study was approved by the Stanford University Human Subjects Institutional Review Board (IRB-30647).
Study Period
Women were enrolled from November 2014 to July 2015, and recruitment took place in the period following delivery until just before removal of the epidural catheter. The US measurements and data retrieval were determined in the immediate postpartum period.
Selection and Description of Participants
A convenience cohort of women who had successfully completed their vaginal delivery with labor epidural analgesia were approached for study participation, and written informed consent was obtained. Recruitment was generally during the daytime shift. Inclusion criteria included American Society of Anesthesiologists physical status class 2 or 3, age between 18 and 50 years, gestational age greater than 37 weeks, and singleton pregnancy. Women were excluded if they had not received labor epidural analgesia, had received labor epidural analgesia placed via the paramedian approach, had a postpartum complication such as postpartum hemorrhage, or were unable to adequately understand the consent form.
Labor epidural analgesia was performed on request by an attending anesthesiologist or a supervised resident not involved in the study using traditional landmarks to identify the epidural insertion site. The technique performed was either lumbar epidural or combined spinalepidural analgesia, at the discretion of the anesthesiologist per standard institutional clinical care. After local anesthetic skin infiltration with 1% lidocaine, an epidural needle (Tuohy 17G; B. Braun, Bethlehem, PA) was inserted using loss of resistance to saline. 0.125% bupivacaine with 10 lg of sufentanil (15mL) was used for labor epidural analgesia initiation, and 2.5 mg of bupivacaine plus 5 lg of sufentanil was administered for combined spinal-epidural analgesia. For all participants, a flexible closed-tip multi-orifice epidural catheter (B. Braun) was advanced 3 to 5 cm into the epidural space. Labor epidural analgesia was maintained with 0.0625% bupivacaine plus sufentanil at 0.4 lg/mL using a programmed intermittent technique of 9 mL every 45 minutes with patient-controlled epidural analgesia of 10 mL with a 10-minute lockout. Women who requested additional analgesia were administered 5 to 10 mL of 0.125% bupivacaine, as clinically indicated by the anesthesiologist. The anesthesiologist recorded the lumbar interspace of the placed epidural, number of epidural attempts (Touhy needle redirects and number of skin passes), and depth to the epidural space (length of the 9-cm Touhy needle from skin to the epidural space) in the electronic medical record.
Outcome Variables
Demographic and obstetric characteristics were retrieved from the electronic medical record, including maternal age, weight, height, and parity. The lumbar interspace of the placed epidural, number of epidural attempts, and duration of labor epidural analgesia (from the time of labor analgesia initiation [time of first dose] until the end of the second stage) were documented.
Ultrasound measurements were made with a Titan US system (SonoSite, Inc, Bothell, WA) equipped with a 2-5-MHz curvilinear US transducer by an investigator who did not know the epidural details recorded by the anesthesiologist performing the epidural in the electronic medical record. The US-determined epidural midline, depth, and lumbar interspace were measured using a previously described technique. 10 Ultrasound measurements were made in the interspace of the inserted labor epidural catheter immediately after epidural catheter removal. We marked the US midline on the patient's back using a surgical skin marker and the distance between the US midline and the epidural catheter insertion point was measured in 1-mm increments with a tape ruler.
The patient was then asked to assess her own midline by a pinprick moving from her left until the patient determined her midline, and this point was marked. This procedure was repeated from the right, moving in 1-mm increments until the midline was confirmed by the patient. The distance between points was averaged to identify the patient's midline in cases of discrepancies. 9 The distance between the US midline and the patient-identified midline was measured with the same 1-mm tape ruler. The height of the catheter in relation to the spinous process at the insertion interspace was not measured.
Labor epidural analgesia efficacy measurements included additional epidural local anesthetic requirements, pain scores during labor and delivery, and maternal satisfaction with labor analgesia. The measurement of additional local anesthetic requirements included the total number of self-administered boluses using patientcontrolled epidural analgesia plus clinician boluses administered. We recorded pain using a verbal numerical rating scale (VNRS; 0-10, with 0 indicating no pain and 10 indicating the worst pain imaginable) before insertion of the epidural catheter, 1 hour after placement, at the beginning of the second stage (10-cm dilatation), and during second-stage pushing. These pain scores are recorded routinely as part of patient care and recorded in the electronic medical record by nurses. Maternal satisfaction with labor analgesic efficacy was obtained immediately after delivery (VNRS; 0-10, with 0 indicating completely unsatisfied and 10 indicating completely satisfied).
Study Outcomes
Our primary study outcome was the correlation between the distance from the US midline to epidural catheter insertion point and additional epidural local anesthetic requirements. The secondary outcomes were as follows: 1. Correlation between the distance from the US midline to epidural catheter insertion point and labor pain VNRS score after epidural insertion, at complete cervical dilatation, and while pushing; 2. Correlation between the distance from the US midline to epidural catheter insertion point and maternal satisfaction with labor analgesia; 3. Distances from the US midline to epidural catheter insertion point and US midline to the patientidentified midline; 4. Correlation between the distance from the US midline to epidural catheter insertion point and labor epidural analgesic efficacy (additional local anesthetic requirements, VNRS) and maternal satisfaction with labor analgesic efficacy; 5. Correlation between the actual depth to the epidural space and labor epidural analgesic efficacy (additional local anesthetic requirements, VNRS) and maternal satisfaction with labor analgesic efficacy; 6. Difference in depth to the epidural space as measured by US and the recorded needle depth with the loss-of-resistance technique; and 7. Frequency of agreement between the US-determined interspace level and clinician-recorded interspace level for epidural placement.
Statistical Analysis
The sample size calculation was based on the assumption that the local anesthesia requirements are greater when the block is placed farther from the midline, in keeping with the reported higher rate of inadequate blocks associated with greater epidural depth. 8 Assuming a moderate correlation (r 5 0.4) between the distance from the midline and epidural local anesthetic requirements, a sample size of 47 was estimated to be required to show significance with a power of 90% and a of .05. We planned to recruit 52 patients to account for a 10% dropout rate.
Demographic data and baseline maternal characteristics were tabulated. Continuous parametric data were represented by mean 6 standard deviation (SD) and analyzed by t tests. Non-normally distributed data, after assessment for normality using a Q-Q plot, were presented as median (interquartile range 10 The tolerance interval that shows with 95% certainty where 95% of the population lies was measured in Statpages (http://statpages.info/tolintvl. html). To describe the differences between the US depth to the epidural space and recorded needle depth to the epidural space, we used a Bland-Altman analysis. P < .05 was significant, and nominal P values are noted. Data were analyzed with IBM SPSS version 21.0.0 software for Windows (IBM Corporation, Armonk, NY).
Results
We enrolled 52 women during the 8-month study period. The study cohort demographics and obstetric data are presented in Table 1 . Our institutional comparator data during the study period were as follows: mean age 6 SD, 31 6 6 years; mean body mass index (BMI), 28.8 6 6.1 kg/m 2 ; median parity (interquartile range), 1 (1-2); and median gravida, 2 (1-3), which were similar to the study cohort; therefore, the study sample appeared to represent our general labor and delivery population.
Twenty-eight (54%) women received labor epidural analgesia, and 24 (46%) received combined spinalepidural analgesia for labor pain. Table 2 presents details of the study cohort's labor and labor epidural analgesic characteristics.
There were no significant correlations between the US midline-to-epidural catheter insertion point distance and epidural local anesthetic requirement or other measures of epidural labor analgesic efficacy (labor pain VNRS and maternal satisfaction with labor analgesic efficacy; Table 3 ). The mean 6 SD distance from the US midline to epidural catheter insertion point was 0.38 6 0.31 cm. The tolerance interval showed with 95% confidence that 95% of the population lay within 20.36 to 1.12 cm of this distance. The mean 6 SD distance from the US midline to patient-determined midline was 0.35 6 0.46 cm. The tolerance interval showed with 95% certainty that 95% of the population lay within 20.74 to 1.44 cm of this mean distance.
There were no significant correlations between the actual depth to the epidural space and epidural local anesthetic requirements, pain VNRS score, or maternal satisfaction with labor analgesic efficacy (Table 3) . There was a mean 6 SD difference of 20.57 6 1.20 cm between the depth determined by US and the actual needle depth to the epidural space (P 5 .001). The Bland-Altman plot for US and the actual needle depth to the epidural space is shown in Figure 1 . The calculated mean difference was 20.57 cm; SD, 1.16 cm; and 95% confidence interval, 22.92 to 11.78 cm. The most frequently recorded interspace level by the anesthesiologists for placement of epidural and combined spinal-epidural analgesia for labor was L3-4 (43 Values are presented as mean 6 SD, median (interquartile range), and number (percentage). [83%]). Thirty-one (60%) of the epidurals and combined spinal-epidural analgesia procedures for labor were confirmed by US as placed at the recorded interspace; 19 were placed higher than the recorded interspace (1 placed at T11-12); and 2 were placed below the recorded interspace.
Discussion
This prospective cohort study of women who received epidural labor analgesia measured the relationship between the distance from insertion point to the US midline and labor epidural analgesic efficacy. Placement of the epidural catheter at an insertion point closer to the US midline did not relate to decreased epidural local anesthetic requirements or other measures of labor analgesic efficacy (labor pain VNRS and maternal satisfaction with labor analgesia). However, we found that the mean distance from the US midline to both the epidural catheter insertion point and patient-identified midline was less than 0.4 cm. The importance of midline epidural insertion is frequently mentioned when discussing optimal labor analgesia. 8, 9, [11] [12] [13] However, the association between labor analgesic efficacy and the precision of midline insertion compared to the "true midline" (US midline) has not been previously investigated. Compared to traditional landmark-based epidural insertion techniques, USguided labor epidural placement is associated with fewer Touhy needle insertions and redirections and a reduced risk of inadequate labor epidural analgesia. [14] [15] [16] [17] [18] [19] The reduced risk of inadequate labor epidural analgesia with US-assisted placement may be a consequence of moreaccurate needle (and hence catheter) placement in the midline. We did not find a relationship between midline insertion precision and labor epidural analgesia efficacy in our population. Prior studies have suggested that labor epidural analgesia is more likely to fail in obese women, 4 and one reason for this higher failure rate may be nonmidline insertion. As our population comprised only 15% obese women and only 1 morbidly obese woman (BMI > 40 kg/m 2 ), this question is beyond the scope of our study.
Nonmidline placement will most likely affect the efficacy of the local anesthetic spread more than opioid efficacy, since neuraxial opioids do not produce a segmental blockade. Epidurally administered opioids exert their effect through both systemic absorption and spread to the spinal cord. 20 Nonmidline placement of opioids may also affect their efficacy in that lower concentrations of drugs in the neuraxial space may occur, resulting in less transfer into the dorsal horn cells of the spinal cord.
The "reference standard" technique for determining the midline is US measurement, and in our cohort, we report, for the first time to our knowledge, that clinicians may identify the midline to a 95% tolerance interval of 20.36 to 1 1.12 cm. Although the use of US guidance for labor epidural analgesia placement is advocated for patients with a high BMI, difficult spinous process palpation, scoliosis, and previous back surgery, 12, 21 US is considered by many as unnecessary for the routine patient. 22 Preprocedure US is able to identify the midline, interspace level, optimal interspace, and depth to the epidural space. 10 Our study found that US did not appear to confer an advantage in midline assessment compared to the patient-identified midline. Prior studies have found varying ability of women to assess their midline.
9,11,13 Wills et al 11 reported that women's ability to identify their midline (defined by the authors as the line drawn between the middle of two spinous processes) was varied (discrimination range almost 6 cm, from 22.7 to 1 2.9 cm across the midline). Butcher et al 9 found that nonobese women reported a patientidentified midline range of 0.8 to 4.0 cm from the spinous process midline. Our study results found a relatively accurate patient-identified midline, with distances compared to the US midline 95% tolerance interval ranging from 0.7 cm on the left to 1.4 cm on the right of the midline. Fifteen percent of our cohort were obese, and previous authors have found differences in patientidentified midline accuracy between obese and nonobese women. Obese women identified their own midline in a range from 0.3 to 8.5 cm, either to the left or to the right of the spinous process midline, compared to 0.8 to 4.0 cm in nonobese patients. Precise distances have been reported previously, and accurate distances can be measured with US, even to the small discrimination we reported. 9, 10 In a population of obese women, our study outcomes may be different, given the difference noted in this population for self-identification of their midline. 9 The mean difference between the depth determined by US and actual needle depth was 0.6 cm. These results confirm that US is accurate for determining the depth to the epidural space, as reported previously. Our observed 95% confidence interval of -2.9 to 1 1.8 cm between the US depth and clinical (loss-of-resistance) depth to the epidural space was similar to 20.7 to 1 1.3 cm reported by Balki et al. 10 In contrast to Narang and Linter, 8 who reported that 34% of the blocks among 3011 laboring women were unsatisfactory when the depth to the epidural space was 6 cm or greater, we did not find a relationship between the epidural depth and labor analgesic efficacy. This finding may have been in part due to their definition of an unsatisfactory block, which included unilateral blocks, any additional manipulations, and additional local anesthetic doses administered within the first 40 minutes. Furthermore, Narang and Linter 8 did not report the BMI despite the fact that it is an important factor that relates to epidural depth. 23 This study had a number of potential limitations. We were not able to measure the angle of the Touhy needle insertion; thus, the catheter insertion point may not reflect the final "midline" located by the clinician, and mobile skin over the insertion point may account for some of the reported deviations. Once the needle entered the skin, the precise pathway in relation to the midline was not determined in our study, and would only have been confirmed had fluoroscopy been performed at the time of epidural insertion. However, as blocks sometimes fail for no apparent reason, and midline placement is important, 8 it was important to assess whether US could assess the midline relative to the entry site for catheter placement in this population. The needle puncture site did represent what the clinician believed was the midline at the time of initial Touhy needle insertion. The epidural insertion point was assessed as the entry point of the catheter; however, the height of the catheter in relation to the spinous processes was not measured. The positioning of all patients was uniform, but that measurement would have been very challenging to perform. An important use of US is to guide labor epidural analgesia insertion for obese women, and our cohort, as previously mentioned, did not include many obese women. This factor may account for the accurate relationship between the US midline and the catheter insertion point in our cohort. Additional objective measures such as the accuracy of the actual versus recorded interspace as well as a low number of needle passes may also indicate that our cohort had easily palpable anatomy. Our finding of no correlation between the US midline-to-catheter insertion point distance and labor epidural analgesic efficacy may differ in an obese population and in women with difficult neuraxial anatomy. The measured deviation of the insertion point from the US midline was small, and given the measured depth to the epidural space (>5 cm), the clinical relevance of our finding is unclear.
In conclusion, in our laboring population, our hypothesis that nonmidline epidural insertion would be associated with less-effective labor epidural analgesic efficacy was not confirmed in our study cohort. This finding was likely due to the minimal differences we report for distances between both the US midline and epidural catheter insertion point as well as US midline and patient-identified midline. It is likely that the failure rate among morbidly obese women would be higher, and our findings may be different in that population. Future studies in women with obesity and challenging anatomy are required to determine the effect of the USdetermined midline compared to the traditional landmark technique on labor analgesic efficacy.
